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
7KH DSSURDFKHV WR DGDSW WKH SURWRFROV IRU KHWHURJHQHLW\ DUH QRW VR PXFK HIILFLHQW ZKLFK PDLQ GLIILFXOW\ RI
DGRSWLRQ RI :61 WHFKQRORJ\ 7KLV SDSHU LV VWUXFWXUHG DV VHFWLRQ , GHDOV ZLWK LQWURGXFWLRQ VHFWLRQ ,, SUHVHQW
5HODWHG:RUNVHFWLRQ,,,SUHVHQWV3URSRVHG$SSURDFKVHFWLRQ,9([SHULPHQWDOUHVXOWVDQGGLVFXVVLRQIROORZHGE\
DFNQRZOHGJHPHQW	&RQFOXVLRQLQVHFWLRQ9

5HODWHG:RUN
7KLV VHFWLRQ RXWOLQHG WKH FXUUHQW VWDWHRIWKHDUW RI YDULRXV UHSURJUDPPLQJ DUFKLWHFWXUHV IRU ZLUHOHVV 6HQVRU
QHWZRUN:61;13VHQGVZKROHLPDJHWRWKHVHQVRUQRGHWRXSGDWHFRGHLQWKHVHQVRULQDVLPSOHZD\EXWWKH
OLPLWDWLRQLVWKDWQRPXOWLKRSVXSSRUWDVFRGHGLVVHPLQDWHVZLWKLQWKHUDGLRFRPPXQLFDWLRQUDQJHRIDEDVHVWDWLRQ
RQO\ DOVR QRW RSWLPL]HG IRU HQHUJ\ 013  XVHV SLSHOLQLQJ GHFUHDVH HQHUJ\ FRQVXPSWLRQ 	 KLGGHQ WHUPLQDO
SUREOHPLWUHTXLUHVPRUHFRPPXQLFDWLRQRYHUKHDGWRFKRRVHWKHVHQGHUDVLWLVVHQGHUVHOHFWLRQFRGHGLVVHPLQDWLRQ
SURWRFRO  02$3 VXSSRUWV FRGH GLVVHPLQDWLRQ WR PXOWLKRS XVHV 1$&. EDVHG WUDQVPLVVLRQ EURDGFDVW DQG
XQFDVWPHFKDQLVPVVLJQLILFDQWO\UHGXFHWKHWUDIILFRIWUDQVPLVVLRQDVRSSRVHGWRIORRGLQJUDQJLQJIURPWR
,W LVHQHUJ\DQGPHPRU\HIILFLHQWEXW  ODWHQF\LVPRUH WKHPDLQGUDZEDFNRI02$3LV WKDW LW QRGHUHFHLYHVWKH
HQWLUHLPDJH	WKHQGLVVHPLQDWHIXUWKHU 7ULFNOHPHFKDQLVPXVHVD³SROLWHJRVVLS´SROLF\ZKHUHFRGHVXPPDU\
EURDGFDVWHGSHULRGLFDOO\E\WKHQRGHVWRLWVQHLJKERXUVKHQFHSURSDJDWHWKHQHZFRGHLPDJHTXLFNO\LQWRDQHWZRUN
ZKLOHLPSRVLQJDYHU\VPDOORYHUKHDG'HOXJHLVWKHIDVWHUUHSURJUDPPLQJSURWRFROFRPSDUHGWR;13013	
02$3JHQHUDOO\XVHGLQWKH7LQ\26HQYLURQPHQW7KHUDWHRIDGYHUWLVHPHQWG\QDPLFDOO\DGMXVWHGGHSHQGLQJRQ
WKH UHFHLYHG PDVVDJHV UDGLR QHHGV WR EH RQ DW DOO WLPHV  $TXHGXFW  SURYLGHV UREXVW UHSURJUDPPLQJ (13
PHFKDQLVP LV DQ HQHUJ\ HIILFLHQW WLPHVDYLQJ H[SHGLWLRXV QHWZRUN UHSURJUDPPLQJ PHFKDQLVP LQ :61
7LQ\&XEXVVXSSRUWVJHQHUDOUHFRQILJXUDEOHIUDPHZRUNIRUVHQVRUQHWZRUNV
2.1. Deluge Summary  
'HOXJHLVWKHIDVWHVWQHWZRUNUHSURJUDPPLQJSURWRFRODVFRPSDUHGWR;13013	02$3,WLVUHOLDEOHGDWD
GLVVHPLQDWLRQ SURWRFRO H[WHQVLYHO\ XVHG LQ WKH 7LQ\26 HQYLURQPHQW ,W LV D WKUHHSKDVH KDQGVKDNLQJ SURWRFRO
DGYHUWLVH±UHTXHVW±GDWDGLYLGHVWKHGDWDLQWRSDJHVDQGSDFNHWV	SHULRGLFDOO\DGYHUWLVHVLQLWVQHLJKERXUKRRG
8QFRQWUROODEOH QDWXUH RI LWV XQGHUO\LQJ DOJRULWKP QRW YHU\ HQHUJ\ HIILFLHQW 6LQFHPRWHV DXWRPDWLFDOO\ XSGDWH D
QHZHUYHUVLRQRIWKHFRGHIURPWKHLUQHLJKERUVLIWKHUHDUHnGLIIHUHQWYHUVLRQVRIWKHFRGHREMHFWLQWKHILHOGWKH
FRGHRQHDFKLQGLYLGXDOPRWHLVUHSURJUDPPHGXSWRn-1 WLPHV7KHUHLVQRZD\WRNQRZWKHFXUUHQWVWDWXVRIWKH
UHSURJUDPPLQJDVLWVSUHDGVDFURVVWKHILHOGEHFDXVH'HOXJH2IIHUVQRIHHGEDFNWRWKHRSHUDWRU
2.2. Different Issues:
7KHLVVXHVIRU5HOLDEO\GLVVHPLQDWHODUJHREMHFWVLHVL]HRIREMHFWLVJUHDWHUWKDQ5$0RYHUDPXOWLKRSVHQVRU
QHWZRUNIURPIHZWRPDQ\QRGHVDUH&RQVWUDLQHGVWRUDJHKLHUDUFK\3DFNHWVL]HE\WHV5$0PHPRU\.
SURJUDPPHPRU\.H[WHUQDOIODVKPHPRU\.UHOLDELOLW\5DSLGSURSDJDWLRQRUVPDOOWLPH
WRFRPSOHWLRQ(YHQWXDOFRQVLVWHQF\ 6FDODELOLW\ ZUWQHWZRUNVL]HDQGGHQVLW\ 'LIILFXOW WDVNRIYHULI\LQJDQG
XSGDWLQJ WKH YHUVLRQ RI WKH FRGH LQ TXHVWLRQ RQ HDFK  0RWH LQ WKH QHWZRUN $YRLG FRQIOLFWV DQG UHGXFLQJ LGOH
ZDLWLQJ WLPHRI LQGLYLGXDOPRWH'LIIHUHQW IURP UHOLDEOHPXOWLFDVW GXH WR WKH H[SHFWHG VL]H RI WKHXSORDGHG FRGH
REMHFWORZFRVWVHQVRUVXVXDOO\GRQRWKDYHWKHKLJKHVWJUDGHRIUDGLRWUDQVPLVVLRQFDSDELOLWLHV
3URSRVHG$SSURDFK
$QLQWHQGHG&RGH'LVWULEXWLRQDSSURDFK LPSURYHV WKHH[LVWLQJ'HOXJH	VXSSRUWVPDQ\IHDWXUHV OLNH UHOLDEOH
GLVVHPLQDWLRQRIWKHREMHFWZLWKPXOWLKRSVXSSRUW:HKDYHXVHG'LIIHUHQFHGEDVHGFRGHLPDJHZKLFKGLVVHPLQDWH
E\XVLQJWKHFRQFHSWRISLSHOLQLQJ	VHJPHQWDWLRQOLNHGHOXJH3URYLGHGWKHDGDSWLYH6OHSSLQJE\DSSO\LQJ0$&
 7 0$& ,W DOVR VXSSRUW VFRSH VHOHFWLRQ VHFXUHG DXWKHQWLFDWLRQ VXLWDEOH IRU KRPRJHQHRXV DV ZHOO DV
KHWHURJHQHRXVHQYLURQPHQWXQOLNHGHOXJH,GOHOLVWHQLQJRIVHQVRUQRGHVLVDPDMRUVRXUFHRIHQHUJ\ZDVWHGXULQJ
UHSURJUDPPLQJ DQG PXVW EH UHGXFHG $OWKRXJK &60$0$& LV LQ WKH 7LQ\26 UHOHDVH 	PRVW UHSURJUDPPLQJ
V\VWHPV XVH &60$ZH KDYH WULHG WR UHSODFH H[LVWLQJ&60$ZLWKPRUH HIILFLHQW0$& LH D 70$& 70$&
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SUHYHQWV WKHSDFNHWFROOLVLRQV	XOWLPDWHO\VROYHVWKHKLGGHQWHUPLQDOSUREOHPZKLFKLVDPDMRU LVVXHLQZLUHOHVV
FRPPXQLFDWLRQV >+LGGHQ WHUPLQDO SUREOHP LI WZR QRGHV DUH RXW RI WKH WUDQVPLVVLRQ UDQJH RI HDFK RWKHU WKXV
³KLGGHQ´ WRHDFKRWKHUZKHQ WKH\ VHQGSDFNHWV DW WKH VDPH WLPH LWPD\ UHVXOW LQSDFNHW FROOLVLRQVDW DQ\QRGH
ORFDWHGZLWKLQWKHLQWHUVHFWLRQDUHDRIWKHVHVHQGHUV@6ROYLQJKLGGHQWHUPLQDOSUREOHPE\XVLQJ70$&LPSURYHV
WKHSHUIRUPDQFHRI0$&DVFDUULHUVHQVLQJLH&60$FDQQRWSUHYHQWFROOLVLRQV

3.1. Network Creation & Clustering Model 

)LJ1HWZRUN6WUXFWXUH
3.2. Simulation Setup & Parameters Considered 
,Q WKLV UHVHDUFKZRUN WR HYDOXDWHSHUIRUPDQFHRISURSRVHGSURWRFRO VLPXODWLRQ HQYLURQPHQWKDVEHHQ FUHDWHG
XVLQJ201HW:HKDYHWHVWHGWKHSURWRFROIRUQRGHV	QXPEHURIQRGHVFDQEHYDULHGIURP1RGHVDUH
DUUDQJHG LQ UDQGRPIDVKLRQ5DQGRPWRSRORJ\ZLWKYDU\LQJGHQVLW\	GLVWDQFHEHWZHHQQRGHV LV IHHWV 
IHHWV7KHYDOXHVRIVLPXODWLRQSDUDPHWHUVFRQVLGHUHGDUHOLVWHGLQWDEOH
7DEOH6LPXODWLRQ6HWXS	SDUDPHWHUVFRQVLGHUHG

6LPXODWLRQ6HWXS
1RRIQRGHV WLF>@±WLF>@
1RGH$UUDQJHPHQW &OXVWHUV
'LVVHPLQDWLQJWKH,PDJH WLF>@
0HGLXP$FFHVV&RQWURO 70$&
3DUDPHWHUV
2EMHFW6L]H'LVVHPLQDWLQJ,PDJH6L]H .%SDJHV
3DJHVL]H DERXW.%SDJH
3URSDJDWLRQ7LPH'LVVHPLQDWLRQ7LPH 7 VHF
$GYHUWLVHPHQWUDWH PVJVVHFRQG
'HOXJHSXVKHV aE\WHVVHFRQGRQDYHUDJH

3.3. Evaluation, Network Configuration & Initialization 
,Q WKLV UHVHDUFK ZRUN ZH KDYH XVHG 201HW  D SRSXODU VLPXODWRU WR VLPXODWH UHSURJUDPPLQJ V\VWHPV LQ
7LQ\26201H7LVDQREMHFWRULHQWHGPRGXODUGLVFUHWHHYHQWQHWZRUNVLPXODWLRQIUDPHZRUNWKDWFDQEHXVHGLQ
YDULRXV SUREOHPGRPDLQV OLNHPRGHOOLQJ RIZLUHG DQGZLUHOHVV FRPPXQLFDWLRQQHWZRUNV OLNH SURWRFROPRGHOLQJ
TXHXLQJQHWZRUNVPXOWLSURFHVVRUVPRGHOOLQJHYDOXDWLQJSHUIRUPDQFHDVSHFWVRIFRPSOH[VRIWZDUHV\VWHPVHWF,Q
JHQHUDO PRGHOLQJ DQG VLPXODWLRQ RI DQ\ V\VWHP ZKHUH WKH GLVFUHWH HYHQW DSSURDFK LV VXLWDEOH DQG FDQ EH
FRQYHQLHQWO\PDSSHG LQWR HQWLWLHV FRPPXQLFDWLQJ E\ H[FKDQJLQJPHVVDJHV 1HV&7 LV D SURJUDPPLQJ ODQJXDJH
WUDQVODWRU IURP 1HV& WR 201H7 )LJXUH    VKRZV QHWZRUN FRQILJXUDWLRQ LQLWLDOL]DWLRQ 	 VLPXODWLRQ
SURFHVV1RRIQRGHVWLF>@±WLF>@1RRIFOXVWHUVWLF>@'LVVHPLQDWLQJWKH,PDJH
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)LJ1HWZRUN&RQILJXUDWLRQ	,QLWLDOL]DWLRQ


)LJ7LQ\263DFNHW$GYHUWLVHPHQW%URDGFDVW&OXVWHU	


)LJ3DJH'LVVHPLQDWLRQ
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
)LJ6LPXODWLRQ&RPSOHWHG:KROH1HWZRUN5HSURJUDPPHG

&RPSDUDWLYH$QDO\VLV*UDSKLFDO5HVXOWV	)LQGLQJV

7DEOH([SHULPHQWDOUHVXOWV

$1RGHV9V
$GYHUWLVLQJWLPH
3DJHV9V&RPSOHWLRQ
7LPH
1RGHV9V
'LVVHPLQDWLRQ7LPH
$YHUDJH(QHUJ\
&RQVXPSWLRQ
&RPSOHWLRQ
7LPHPVIRU
VHFXUHGFRGH
GLVVHPLQDWLRQ
(QHUJ\
FRQVXPSWLRQ
P-IRU
VHFXUHGFRGH
GLVVHPLQDWLRQ
6GHOXJ
H 'HOXJH 6GHOXJH 'HOXJH 6GHOXJH 'HOXJH
6GHOXJH 'HOXJH 6GHOXJH 6GHOXJH
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     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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       

7DEOH  VKRZV WKH H[SHULPHQWDO UHVXOWV 	 FRPSDUDWLYH DQDO\VLV  EHWZHHQ 'HOXJH DQG WKH SURSRVHG  FRGH
GLVVHPLQDWLRQDSSURDFK6GHOXJHLQWHUPVRIDGYHUWLVLQJWLPHFRPSOHWLRQWLPHGLVVHPLQDWLRQWLPHDYHUDJHHQHUJ\
FRQVXPSWLRQFRPSOHWLRQWLPH	HQHUJ\FRQVXPSWLRQIRUVHFXUHGFRGHGLVVHPLQDWLRQ
4.1 Comparative Analysis  

7DEOH&RPSDUDWLYH$QDO\VLV	)LQGLQJV
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3DUDPHWHU 'HOXJH 6GHOXJH )LQGLQJV
$YHUDJHQRRI$GYHUWLVHPHQW1RRI
DGYHUWLVHPHQWVE\HDFKQRGHWRLQLWLDOL]HWKH1:   
$YHUDJH&RPSOHWLRQ7LPHWRGLVVHPLQDWH3DJHV   
&RPSOHWLRQ7LPH3DJH   
'LVVHPLQDWLRQ7LPHIRUQRGHV   
$YHUDJH(QHUJ\&RQVXPSWLRQ   
7DEOHVKRZVFRPSDUDWLYHDQDO\VLVRIGHOXJH	SURSRVHG6GHOXJHWKHLPSDFWRISURSRVHGDUFKLWHFWXUHKDVEHHQ
VKRZQLQWHUPVRIWKHHYDOXDWLRQPHWULFVOLNHDYHUDJHQRRIDGYHUWLVHPHQWFRPSOHWLRQWLPHGLVVHPLQDWLRQWLPH	
DYHUDJHHQHUJ\FRQVXPSWLRQ
4.2 Graphical Results

)LJXUHVKRZVFRPSDUDWLYHDGYHUWLVLQJWLPHIRUQRGHV	ILJXUHVKRZVFRPSOHWLRQWLPHRIQRGHV	ILJXUH
VKRZVDYHUDJHHQHUJ\FRQVXPSWLRQ)LJXUHVKRZVWKHQRGHV9VFRPSOHWLRQWLPHDQGHQHUJ\FRQVXPSWLRQE\
HDFKQRGHIRUWKHVHFXULW\UHODWHGSURFHVVOLNHNH\HVWDEOLVKPHQWHQFU\SWLRQGHFU\SWLRQYHULILFDWLRQHWF:HKDYH
WLQ\(&& WR DXWKHQWLFDWH YDOLGDWH WKH XVHUVQRGHVE\ H[FKDQJLQJ WKHNH\V EHWZHHQQRGHV.H\*HQHUDWLRQ.H\
VHWXSYHULILFDWLRQ	VLJQDWXUHJHQHUDWLRQSURFHVVHV


)LJ1RGH9V$GYHUWLVLQJ7LPH



)LJ1RGH9V'LVVHPLQDWLRQ7LPH


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)LJ$YHUDJH(QHUJ\&RQVXPSWLRQ

)LJ7LPHPVIRU6HFXUHG&RGH'LVVHPLQDWLRQ

)LJ(QHUJ\&RQVXPSWLRQPMIRU6HFXUHG&RGH'LVVHPLQDWLRQ
4.3. Findings 
)URPWKHFRPSDUDWLYHDQDO\VLVRIGHOXJH	SURSRVHG6GHOXJHZHFDQVKRZWKHLPSDFWRISURSRVHGDUFKLWHFWXUHLQ
WHUPVRI WKHHYDOXDWLRQPHWULFV OLNHDYHUDJHQRRIDGYHUWLVHPHQWFRPSOHWLRQWLPHGLVVHPLQDWLRQWLPH	DYHUDJH
HQHUJ\FRQVXPSWLRQ
x $YHUDJHQRRI$GYHUWLVHPHQWUHTXLUHGE\HDFKQRGHWRLQLWLDOL]HWKH1:LVOHVVDVFRPSDUHGWR
VLPSOH'HOXJH
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x $YHUDJH &RPSOHWLRQ 7LPH  WR GLVVHPLQDWH   3DJHV  OHVV WKDQ 'HOXJH ZKLFK KHOSV WR LQVWDOO
XSGDWHVUDSLGO\
x 'LVVHPLQDWLRQ7LPHIRUQRGHVLVOHVVWKDQ'HOXJH
x $YHUDJH(QHUJ\&RQVXPSWLRQLVUHGXFHG	HQHUJ\FDQEHFRQVHUYHLQ6GHOXJHZKLFKZLOOLQFUHDVH
WKHOLIHWLPHRI1HWZRUN
x 7KHDYHUDJHHQHUJ\FRQVXPSWLRQ	&RPSOHWLRQ7LPHIRU.H\VHWXSYHULILFDWLRQ	VLJQDWXUHJHQHUDWLRQ	
YHULILFDWLRQLVPM	PVUHVSHFWLYHO\

&RQFOXVLRQ

7KH SURSRVHG DSSURDFK LH 6GHOXJH XVHV PDQ\ FRQFHSWV RI 'HOXJH LQ DGGLWLRQ WR0$& SURWRFRO LQVWHDG RI
VLPSOH&60$ VHOHFWLRQ VXSSRUW VHFXUHG	KHWHURJHQHRXV VXSSRUW XQOLNH GHOXJH  ,W LVPRUH HQHUJ\ HIILFLHQW	
PRWHVVKRXOGQRWEHZDLWIRUWKHLUUHTXHVWVWREHIXOILOOHGDVZHKDYHXVHG70$&LQVWHDGRI&60$LQ'HOXJHKHQFH
DODUJHDPRXQWRILGOHOLVWHQLQJGRHVQRWWDNHVSODFH7KHVLPXODWLRQFDQEHH[WHQGXSWRQRGHVWRHYDOXDWHWKH
SURWRFROEHKDYLRU
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